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(54) Curable epoxy resin compositions and electronic components 

(57) A curable epoxy resin composition comprising 
(A) a curable epoxy resin and (B) an organopolysi- 
loxane prepared by equilibrium polymerization and hav- 
ing the average unit formula 

{R^Si03/2)a(RSSi02/2)b(R^SiOiy2)c( R^0iy2)d 

in which R"" is an epoxy-functional monovalent organic 
group, R^ is a monovalent hydrocarbon group, is a 
hydrogen atom or an alkyi group having no more than 4 
carbon atoms, a>0, b>0, d>0 and c^. Also, an elec- 
tronic component coated with a product obtained by 
curing the aforesaid composition. 
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EP0789 057A1 
Description 

This Invention relates to curable epoxy resin compositions and electronic components. More particularly, this inven- 
tion relates to curable epoxy resin compositions that have excellent storage stability prior to cure, excellent initial and 
5 durable adhesiveness, and that are well-suited for use as a protectant for electronic coniponents. The invention also 
relates to highly reliable electronic components that are coated with the cured product from the curable epoxy resin 
composition. 

Curable epoxy resin compositions provide cured products that have excellent electrical properties, for ©cample, vol- 
ume resistivity, breakdown strength, dielectric constant, and so forth, and as a result are used as protectants and coat- 
to ings for electronic components. However, since these cured products are generally stiff and have poor flexibility, when 
coated on an electronic component, they cause large internal stresses to be applied to the electronic conponent. This 
can result in cracking in the cured material and/or in destruction of the electronic component. 

To counter this, for example, JP-A 62-27095 teaches a curable epoxy resin composition comprising the blend of 
curable epoxy resin and organopolysiloxane afforded by the hydrolysis and condensation of organosilane and bearing 
IS at least one epoxy-functional or amino-functional organic group and at least one hydroxyl group or hydrolyzable group, 
while JP-A 62-192423 teaches a curable epoxy resin composition comprising the blend of curable epoxy resin and 
epoxy-functional organopolysiloxane. 

However, in the case of the curable epoxy resin composition proposed in JP-A 62-27095, the final curable epoxy 
resin composition has a poor storage stability. The curable epoxy resin composition taught in JP-A 62-192423 exhibits 
20 a poor initial and durable adhesiveness and thus performs poorly as a protectant for electronic components. Further- 
more, these organopolysiloxanes are not compatible with curable epoxy resins, with the result that phase separation 
can occur during storage and the curable epoxy resin composition can suffer from a decline in transparency. 

Moreover, electronic components coated with the cured products afforded by the aforementioned curable epoxy 
resin compositions suffer from the problem of poor reliability as manifested by a poor moisture resistance and heat 
25 resistance* 

The inventors achieved the present invention as a result of extensive investigations into the problems described 
above. 

In specific terms, an object of the present invention is to provide curable epoxy resin compositions that have excel- 
lent storage stability prior to cure, excellent initial and durable adhesiveness, and that are well-suited for use as protect- 
ee ants for electronic components. Another object of the present invention is to provide highly reliable electronic 
components that are coated with the cured product from the curable epoxy resin composition. 

The present invention relates to curable epoxy resin compositions, comprising: 

(A) 100 part by weight of a curable epoxy resin; and 

35 (B) 0. 1 to 500 parts by weight of an organopolysiloxane prepared by equilibrium polymerization and having an aver- 
age unit formula: 

(R^SI03/2)a(R^2Si02/2)bRSSiOiy2)c(R^Oiy2)d 

40 wherein is an epoxy-functional monovalent organic group, is a monovalent hydrocarbon group. R^ is a hydro- 
gen atom or an alkyi group having no more than 4 carbon atoms, a>0. b>0, d>0 and cj^O. 

The present invention also relates to curable epoxy resin compositions, comprising 

45 (A) 1 00 part by weight of a curable epoxy resin; 

(B) 0.1 to 500 parts by weight of an organopolysiloxane prepared by equilibrium polymerization and having an aver- 
age unit formula: 



so 



(R^Si03/2)a(R^2Si02y2)b(R^3SIOi/2)c(R^Oi/2)d 



wherein R"" is an epoxy-functional monovalent organic group, is a monovalent hydrocarbon group, R^ is a hydro- 
gen atom or an alkyI group having no more than 4 carbon atoms, a>0. b>0, d>0, and ^0; and 
(C) 0.1 to 300 parts by weight of a phenyl-containing organopolysiloxane that is free of epoxy-functional monova- 
lent organic groups and In which silicon-bonded phenyl makes up at least 10 mole% of the total silicon-bonded 
55 organic groups. 

The present Invention also relates to a method of protecting an electronic component by coating the electronic com- 
ponent with the composition of the present invention. The present invention also relates to electronic connponents so 
coated. 
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Figure 1 contains the cross section of an electronic component according to the present invention. 
Figure 2 contains the cross section of the electronic components used in the examples. 

Reference numhftr;^ 

5 

1 circuit board 

2 adhesive 

3 semiconductor element 

4 bonding pad _ 
10 5 lead frame 

6 bonding wire 

7 cured product from the curable epoxy resin composition 

8 frame 
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The curable epoxy resin composition according to the present Invention will be explained in detail first. 

The curable epoxy resin (A) Is the base Ingredient of the composition under consideration and Is exemplified by. but 
not limited to. glycidyl ether epoxy resins such as bisphenol A epoxy resins, bisphenol F epoxy resins, phenol novolac 
epoxy resins, o-cresol novolac epoxy resins, and brominated epoxy resins; allcycllc epoxy resins; glycidyl ester epoxy 
resms; glycidylamine epoxy resins; and heterocyclic epoxy resins. The curing mechanisms for these curable epoxy res- 
ins are exemplified by thermosetting, ultraviolet curing, and moisture curing. Component (A) can be a liquid at room 
temperature or a solid whose softening point Is at least room temperature, but component (A) is preferably a liquid at 
room temperature. A liquid component (A) provides a good handling liquid curable epoxy resin composition. 

Other components that can be blended into the curable epoxy resin (A) are exemplified by but not limited to curing 
agents; cure accelerators; photosensitlzers; fillers such as. for example, organic powders and Inorganic powders- plas- 
ticizers; solvents such as. for example, xylene, toluene, or heptane; dyes; and unreactlve epoxy resins. The curing 
agents are exemplified by. but not limited to. organic acids such as, for example, carboxyllc acids and sulfonic acids and 
by their anhydrides; organic hydroxy compounds such as, for example, phenol compounds, bisphenol compounds, and 
phenol novolac resins: halogen-containing organoslllcon compounds; primary and secondary amino compounds 'sila- 
nol-endblocked dimethylsiloxane oligomers; and sllanol-endblocked dlmethylsiloxane-methylvinylslloxane oligomers 
Combinations of two or more of these curing agents may be used. The cure accelerators are exemplified by. but not lim- 
ited to. tertiary amine compounds: compounds of metals such as. for example, aluminum, and zirconium; organophos- 
phorus compounds such as, for example, phosphlne; heterocyclic amine compounds; boron complexes' 
organoaluminum compounds; organoalumlnum chelate compounds; organoammonium salts; organosulfonium salts' 
and organoperoxides. The cure accelerator can be microcapsulated in order to Inhibit the cure reaction at ambient tem- 
perature, or a cure retarder can be added. The filler Is exemplified by. but not limited to, fibrous fillers such as for exam- 
ple, glass fiber, asbestos, alumina fiber, ceramic fiber whose components are alumina and silica, boron fiber zirconia 
fiber, silicon carbide fiber, metal fibers, phenolic fibers, aramid fibers, nylon fibers, polyester fibers, and natural animal 
and plant fibers; inorganic powdere such as. for example, fused silica, precipitated silica, fumed silica, calcined silica 
zinc oxide, calcined clay carbon black, glass beads, alumina, talc, calcium caibonate. clay, aluminum hydroxide barium 
sulfate, titanium dioxide, titanium oxide, aluminum nitride, silicon carbide, magnesium oxide, beryllium oxide cerium 
oxide, kaolin, mica, zirconia, and metallic silicon; and organic powders of. for example, epoxy resin, nylon resin phe- 
nolic resin, polyester resin, f luororesin. and silicone resin. These fillers may be used in combinations of 2 or more selec- 
tions. 

The organopolyslloxane (B) functions to provide the composition with excellent properties as a protectant for elec- 
tronic components. It does this by imparting an excellent initial adhesiveness and a highly durable adhesiveness to the 
cured materia! afforded by the cure of the subject composition, and It accomplishes these functions without adversely 
affecting the storage stability of the composition. Component (B) also imparts flexibility and moisture resistance to the 
cured material. Component (8) Is organopolyslloxane prepared by equilibrium polymerization and having the followina 
average unit formula. ^ 

(R^Si03y2)a(R^2Si02/2)b(R^3SiOi/2)c(R30i/2)d. 

R^ In the preceding formula is an epoxy-functional monovalent organic group. Each R^ may be the same or may be a 
different epoxy-functtonal monovalent organic group. In preferred err^odiments. R^ is selected from the group consist- 
ing of glycidoxyalkyi groups, epoxycyclohexylalkyi groups and oxiranylalkyl groups. The preferred glycioxyalkyi groups 
are 3-glycidoxypropyl. and 4-glycidoxybutyl. The preferred epoxycyclohexylalkyi groups are 2-(3 4-epoxycy- 
ctohexyl)ethyl, and 3-(3.4-epoxycyclohexyl)propyl. The preferred oxiranylalkyl groups are 4-oxiranylbutyl, and 8-oxlran- 
yloctyl. Glycidoxyalkyi groups such as 3-glycidoxypropyl are particularly preferred. 

r2 in the preceding formula Is a monovalent hydrocarbon group. Each R^ may be the same or may be a different 
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monovalent hydrocarbon group. In preferred embodiments Is selected from the group consisting of alkyi groups, 
alkenyl groups aryl groups, aralkyi groups and haloalkyl groups. The preferred alkyI groups are methyl, ethyl, propyl, 
and butyl. The preferred alkenyl groups are vinyl, allyl. butenyl, pentenyl, and hexenyl. The preferred aryl groups are 
phenyl, tolyl, and xylyl. The preferred aralkyi group are benzyl, and phenethyl. The preferred haloalkyl group is 3.3.3- 
trrfluoropropyl. Methyl, vinyl, and phenyl are particularly prefered. 

r3 in the preceding formula is a hydrogen atom or an alkyI group having no more than 4 carbon atoms. In preferred 
embodiments is selected from a hydrogen atom and a methyl group. In more preferred embodiments R is a methyl 
Qroup 

The subscripts a. b, and d in the formula are in each case positive numbers, while c is zero or a positive number. 
The organopolysiloxane (B) is prepared by equilibrium polymerization. Component (B) can be prepared, for exam- 
ple, by the equilibrium polymerization, in the presence of an acidic or basic polymerization catalyst, of 

(i) an epoxy-functional trialkoxysilane having the general formula 

R^Si(0R^)3 : 



20 



with 



(ii) a diorganosiloxane selected from the group consisting of 
(a) cyclic diorganosiloxanes having the general formula 



2S 



m 



30 



35 
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(b) straight-chained diorganosiloxanes having the general formula 

R^.(SiO)„-Si-R^ ; 
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and 

(c) mixtures of components (a) and (b); 

wherein and R^ are as described above; is an alkyI group having up to 4 carbon atoms, each R^ is independ- 
ently selected from the group consisting of hydroxyl groups, altoxy groups having up to 4 carbons, and R . with pre- 
ferred alkoxy groups being methoxy. ethoxy propoxy, and butoxy; m is an integer with a value of at least 3 and 
preferably is an Integer with a value of at least 4 and particularly preferably is an integer with a value from 4 to 20; 
n is an Integer with a value of at least one and preferably Is an integer having a value from 1 to 50. In particularly 
preferred embodiments of the present invention, component (B) is prepared by the equilibrium polymerization 
method described above. 

When component (B) is prepared by the above described equilibrium polymerization method, component (i) is pref- 
erably selected from the group consisting of 3-glycldoxypropyltrimethoxysilane. 2-(3.4-epoxycyclohexyl)ethyltrimethox- 
ysilane, 4-oxirany!butyltrimethoxysilane. and 8-Qxlranyloclyltrimethoxysilane. 3-glycidoxypropyltrimethoxysilane is 
particularly preferred. 
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Another method provided as an example of the preparation of component (B) is the equilibrium polymerization of 
epoxy-functional organopolysiloxane resin with the average unit formula (R^SiOg/g) with the diorganosiloxane (ii) in the 
presence of an acidic or basic polymerization catalyst, wherein is as described above. 

The first equilibrium polymerization method described above for the preparation of component (B) is executed by 
stining, with heating or at room temperature, epoxy-functional alkoxysilane (i) with diorganosiloxane (ii) in the presence 
of an acidic or basic polymerization catalyst. The preferred acidic polymerization catalysts are mineral acids, carboxyllc 
acids, and solid acid catalysts. The preferred mineral acids are hydrochloric acid, nitric add. and sulfuric acid. The pre- 
ferred carboxylic acids are acetic acid and propionic acid. The prefen-ed solid acid catalyst is active clay. The preferred 
basic polymerization catalysts are alkali metal hydroxides, alkaline-earth metal hydroxides and alkali metal salts of 
siloxanes. The preferred alkali metal hydroxides are sodium hydroxide, potassium hydroxide and cerium hydroxide. The 
preferred alkaline-earth metal hydroxides are calcium hydroxide and magnesium hydroxide. This equilibrium polymeri- 
zation Is accelerated by heating, and the preferred heating temperature is in the range from 50*^0 to 150**C. This equi- 
librium reaction is in general terminated by the addition of a neutralizing agent for the polymerization catalyst or, when 
the polymerization catalyst is a solid catalyst, by the removal of the catalyst from the reaction system. In the case of 
basic polymerization catalysts, carbonic acid or a chlorosilane can be used as the neutralizing agent and the use of 
chlorosilane, e.g.. dimethyldichlorosilane, trimethylchlorosilane, etc., is preferred. 

Component (B) is added to the subject composition at 0.1 to 500 weight parts and particularly preferably at 0.5 to 
150 weight parts, in each case per 100 weight parts component (A). The addition of component (B) at less than 0.1 
weight part per 100 weight parts component (A) cannot provide the resulting composition with an excellent Initial adhe- 
siveness and a highly durable adhesiveness, which makes such a composition unsuitable for service as a protectant for 
electronic components. The composition has a diminished storage stability when component (B) is added in excess of 
500 weight parts. 

Component (C) is preferably added to the subject composition in order to induce additional improvements in the 
compatibility between components (A) and (B). Component (C) is a phenyl-containing organopolysiloxane that is free 
of epoxy-functional monovalent organic groups and In which silicon-bonded phenyl makes up at least 10 mole% of the 
total silicon-bonded organic groups. The molecular structure of component (C) may be straight-chain, partially 
branched straight-chain, branched-chain, or a cyclic structure with a straight-chain structure being preferred. The sili- 
con-bonded organic groups in component (C) are preferably selected from the group consisting of phenyl groups and 
R . wherein R is as described above. Silicon-bonded phenyl must constitute at least 10 mole% of all these sillcon- 
30 bonded organic groups. 

Component (C) is added to the subject composition at from 0.1 to 300 weight parts and preferably at from 5 to 100 
weight parts, in each case per 100 weight parts component (A). The addition of component (C) at less than 0.1 weight 
part per 100 weight parts component (A) cannot induce a satisfactory improvement In the compatibility between com- 
ponents (A) and (B). When more than 300 weight parts is added, the cured material will have a substantially diminished 
mechanical strength and component (C) will bleed out from the cured material. 

The curable epoxy resin composition according to the present invention is prepared by mixing conponents (A) and 
(B) and optionally component (C) to homogeneity. In a generally preferred embodiment, component (B) is preliminarily 
mixed with the epoxy resin corresponding to component (A) without curing agent and/or curing catalyst; this mixture 
and the curing agent and/or curing catalyst are stored as a two-part formulation; and these parts are mixed to homoge- 
neity just before use. When a liquid curable epoxy resin is used as component (A), the resulting curable epoxy resin 
composition according to the present invention will be a liquid curable epoxy resin composition with an excellent pre- 
cure fluidity, which makes possible its use by such techniques as transfer molding, injection molding, potting, casting, 
dipping, application by dripping using, for example, a dispenser, spray coating, and painting. The viscosity of this liquid 
curable epoxy resin composition is not critical, and the viscosity can range, for example, from low viscosities (100 
centipoise at 25°C) to the high viscosities associated with a gum-like state. The cured product afforded by the cure of 
the curable epoxy resin composition according to the present invention has an excellent flexibility, adhesiveness, adhe- 
sion durability, and transparency and in consequence thereof can be used as a sealant resin, coating resin, immersion 
resin, adhesives, etc., for electrical and electronic components. 

Electronic components according to the present invention will now be considered in detail. Elecctronic components 
according to the present invention are exemplified by electronic components comprising capacitors, resistors, or semi- 
conductor elements such as ICs, hybrid ICs. LSIs. and so fortfn, but tiie type of elecft-onic component is not critical. Elec- 
tronic components according to the present invention will be explained in detail with reference to the appended 
drawings. In the example of an electronic component according to tfie present invention shown in Figure 1 . a semicon- 
ductor element 3 is mounted on a circuit board 1 via an interposed adhesive 2. This electrical component has a struc- 
ture in which the bonding pads 4 on the top edge of the semiconductor element a are electrically connected to the lead 
frame 5 on the circuit board 1 by bonding wires 6 and the semiconductor element 3 is coated with the cured product 7 
afforded by the above-described curable epoxy resin composrtion. When the curable epoxy resin composition is fluid, 
as demonstrated in Figure 2 a frame a can be deployed on the circumference of the semiconductor element a in order 
to prevent outflow of the composition around the semiconductor element a when tiie curable epoxy resin composition 
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is coated on the semiconductor element 3 on the circuit board 1. 

The method for fabricating electronic components according to the present invention is not cmcial. As an example, 
the electronic component can first be coaled with the curable epoxy resin composition as described above and the com- 
position can then be cured by the appropriate methodology, i.e.. by heating when the composition is heat curable or by 

5 irradiation with ultraviolet light when the composition is UV curable. In the case of heat-curable epoxy resin composi- 
tions, the temperature for heating the composition Is not critical as long as heating is not carried out to a temperature 
that will thermally degrade the electronic component. For example, temperatures of 50*^C to 250°C are preferred and 
temperatures of 90°C to 200°C are particularly preferred. Moreover, electronic components according to the present 
invention can Include an additional resin sealing with a curable organic sealant resin after the semiconductor element 

10 a has been coated with the cured product from the curable ^oxy resin composition as in Figure 1 or 2. Said curable 
organic sealant resins are exemplified by epoxy resins, polyimide resins, polyelher resins, polyphenylene sulfide resins, 
and liquid-crystaitine polymers. 

lExample? 

IS 

The curable epoxy resin composition and electronic components according to the present invention will be 
explained further using working examples. The storage stability of the curable epoxy resin compositions, the initial 
adhesiveness and adhesion durability of their cured products, and the electronic component reliability were evaluated 
in the examples as desaibed below. The values reported for the viscosity were measured at 25"C. 

20 

Storage stability of the curable eooxv resin compositions 

In one test, the curing catalyst-free epoxy resin composition was heated under seal at 50°C for 5 days and the vis- 
cosity of the composition was then measured using a rotational viscometer. In another test, the epoxy resin composi- 
25 tion, in this case lacking both the curing agent and curing catalyst, was heated under seal at 50*»C for 30 days, after 
which the change in the transparency of the composition was measured on the basis of the light transmittance. In this 
case, a transmittance of 1 00% was assigned to the transmittance of pure water in a glass cell with an optical path length 
of 10 mm at a wavelength of 589 nm. 

30 Initial adhesiveness of the cured product 

The curable epoxy resin composition was coated on quartz glass sheet, aluminum sheet, and glass fiber-reinforced 
epoxy resin sheet and then cured by heating in a forced convection oven at 120''C for 4 hours. The initial adhesiveness 
of the resulting cured product is reported on the following scale. 

35 

+ : strong bonding 
X : partial debonding 
X X : complete debonding 

40 Adhesion durabilitv of the cured product 

The curable epo)cy resin composition was coated on quartz glass sheet, aluminum sheet, and glass fiber-reinforced 
epoxy resin sheet and then cured by heating in a forced convection oven at 1 20^0 for 4 hours. The resulting cured prod- 
uct on the substrate was thereafter held in at 12rC/100% RH ambient for 24 hours. The adhesion durability of the 
46 cured product is reported on the folbwing scale. 

+ : strong bonding 
x : partial debonding 
X x : complete debonding 

50 

Electronic component reliability 

The electronic component reliability was measured using electronic components in accordance with Figure 2. 
These electronic components were fabricated as follows. A semiconductor element 3 having an aluminum circuit pat- 
55 tern formed on its surface was mounted on an alumina ceramic circuit board 1 using an adhesive E- The bonding pads 
4 on the top edge of the semiconductor element 3 were then electrically connected to the lead frame 5 by gold bonding 
wires 6. The curable epoxy resin composition was thereafter applied onto the surface of the semiconductor element a 
using a dispenser. Since the curable epoxy resin composition was fluid, a rubber frame fi with a height of 1 mm was 
preliminarily installed around the semiconductor element a- The curable epoxy resin composition was cured by heating 
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in a forced convection oven at 120°C for 4 hours to yield an electronic component in which the semiconductor element 
a wascoated with cured product 2. A total of 20 such electronic components were fabricated in this manner for each 
test. The electronic components were subjected to 100 or 1 ,000 cycles in a thermal cycle test (1 cycle = -SCC for 30 
minutes, +100»C for 30 minutes), after which the number of electronic components with a defective performance was 
determined. 
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Reference Example 1 

100 g of cyclic dlmethylsiloxane with the formula 



IS 





" CH 3 ' 






^iO - 






in 3 


4 
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100 g Of 3-glycidoxypropyltrjmethoxysilane. and 0.05 g of potassium hydroxide were placed in a four-neck flasl< 
equipped with a stirrer, thermometer, and reflux condenser and an equilibrium polymerization was run by stirring at 
120°C for 3 hours. The reaction was terminated with dimethyldichlorosilane. The reaction mixture was distilled at 100^C 
and 5 mmHg to remove the low boilers. Analysis of the resulting product by Fourier transform nuclear magnetic reso- 
nance analysis confinned the product to be organopolysiloxane with the following average unit formula. 

(CH,-CHCH2OC3H,SiO3;2)0.i«((CH3)2SiO2/^^^^ 



Reference Eyampip ^ 

100 g of dlmethylsiloxane oligomer with the average formula 

CH3 
I 

HO-(SiO)8.H 

I 

CH3 



94 g of 3-glycidoxypropyltrimethoxysilane. and 0. 1 4 g of potassium hydroxide were placed in a four-neck flask equipped 
with a stirrer, thermometer, and reflux condenser and an equilibrium polymerization was run by stirring at 120''C for 3 
hours. The reaction was terminated with dimethyldichlorosilane. The reaction mixture was distilled at 110«C and 5 
mmHg to remove the low boilers. Analysis of the resulting product by Fourier transform nuclear magnetic resonance 
analysis confirmed the product to be organopolysiloxane with the following average unit formula. 

(CHrCHCH20C3HeSi03;2)o.J7((CH3)2Si02;2)o.5,(CH^ 

55 O 
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Rftfarenee Example 3 

166.4 g of dimethylsiloxane oligomer with the average formula 

CHj 
I 

CH30-(SiO)j-CH3 
I 

CH, 



and 47 2 g of 3-glycldoxypropyltrimethoxysilane were placed In a four-neck flask equipped with a stirrer, thermorneter. 
and reflux condenser. While healing at ecC and stirring, 7.2 g of water was added dropwise to the system and the 
hydrolysis and condensation reactions were brought to completion by reaction for 6 hours. The reaction mixture was 
then distilled at 60»C and 10 mmHg in order to remove low boilers such as the methanol by-product. Analysis of the 
resulting product by Fourier transform nuclear magnetic resonance analysis corrfirmed the product to be organopolysi- 
loxane with the following average unit formula. 

(CH2-CHCH20C3H6Si03/2)o.08((CH3)2Si02/2)o.7i(CH30i/2)o.21 

\ / 
O 



Example 1 



An epoxy resin composition was prepared by mixing the following to homogeneity: 70 weight parts epoxy resin (vis- 
cosity - 2.000 centipoise. epoxy equivalent weight = 165) composed mainly of bisphenol F epoxy resin with the formula 



— — ——--—I . -1 — « ■ — 

CH 2 -CHCH 2 CH 2 — <J^^— O -CH jCH _CH j 



30 weight parts of the organopolysiloxane whose synthesis is described in Reference Example 1 . and 1 00 weight parte 
tetraalkyltetrahydrophthalic anhydride (molecular weight = 234) as curing agent. The storage stability of the composi- 
tion was evaluated by heating the composition under seal for 5 days at 50=C and then measuring its viscosity using a 
rotational viscometer. In addrtion, this composition was mixed to homogeneity with 1 weight part 1 -isobutyl-2-methylim- 
idazole (cure acceleratoi) to afford a curable epoxy resin composition whose cured product was evaluated for its initial 
adhesiveness, adhesion durability, and electronic component reliability. These results are reported in Table 1 . 

Example 2 

A curable epoxy resin composition was prepared as in Example 1, but in this case using the organopolysiloxane 
whose synthesis is described in Reference Example 2 in place of the organopolysiloxane from Reference Example 1 
that was used in Example 1 . The cured product afforded by the cure of this curable epoxy resin conposition was e>«l- 
uated for Hs initial adhesiveness, adhesion durability, and electronic component reliability. These results are reported in 
Table 1. 

Comparativ e Example 1 

A curable epoxy resin composition was prepared as in Example i . but in this case omitting the organopolysiloxane 
from Reference Example 1 that was used in Example 1. The cured product afforded by the cure of this curable epoxy 
resin composition was evaluated for ite initial adhesiveness, adhesion durability, and electronic component reliability 
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These results are reported in Table 1. 

Comparativ e Example g 



whofe sJ^hllT^ kT''o '1'°" ^'^'^ ^ ^''^'"P'« case using the organopolysiloxane 

^^^T^Ti^lTZ ^'l'^^^'T ' organopolysiloxane from RefeLce E^r^te ? 

u^lS^r ii^lSr-. -T'^ cured product afforded by the cure of this curable epoxy resin composition was««|. 

uat«l for ,ts -nrt-al adhesiveness, adhesion durabiHty. and electronic component reliability These resute are repTrlS^n 
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Comparative Exampia g 



CH3.SiO-(SiO)9o-(SiO)5-Si-CH3 

II II 
CH3 CH3 C3H, CH3 

I 

O-CH2CH-CH2 

\ / 

o 

^J?"^ 5^ '"'■^ °' ^'^ '^"'■^'^ «P°^ composition was evaluated for its Initial adhesive- 
ness, adhesion durability, and electronic component reliability. These results are reported in Table 1 

Comparath/p Fvarnplft ^ 

f rom^Tr^n.fp'^ ""^l" cornposition was prepared as in Example 1 . but in this case replacing the organopolysiloxane 
hT» , 1 .T^'^ ^ "^^ ^^^'"P'^ 1 ^'^ organopolysiloxane prepared by fheSS reaSon 

between trimethylsiloxy-endblocked dimethylsiloxane-methylhydrogensiloxane copolymer Xl XcST ethe^^^ 
vinyltnmethoxysilane. This organopolysiloxane had the following aver^^^ ^ 

CH3 CH3 CH3 CH3 CH, 

II I I I 

CH3-SiO-(SiO)5o-(SiO)3.(SiO)2-Si.CH3 

11 III 
CH3 CH3 CjHfi C2H4 CH3 

I I 
CH2-CHCH2-O Si(OCH3)3 

O 

« Il!«*^H? ^■'^f '^'^ °* '^'^ '^"'^'^ ^P°^y ^ss'" composition was evaluated for its Initial adhesive- 

55 ness. adhesion durability, and electronic component reliability. These results are reported in T^le 1 

Example 3 

Thefollowing were mixed to homogeneity to give an epoxyresincomposition:38.2 weight parts epoxy resin(epo^ 
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and electronic conponent reliability. TTiese results are reported in Table 2. 
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Example 4 



A curable epoxy resin composition was prepared as in Example 3. but in this case using the o;9a;oPo'>;'°;;!^ 
H»«rrii?^t rScb Exanpir2 in place of theorganopolysiloxane described in Reference Example 1 W^at "as used 
,5 fnlxfn^i 3 ^^eTuJiT^^^ affo^ed by the cure of this curable epoxy resin '-"^^J^^^'^^J^ 
rdhesivSiess. adhesion durability, and electronic component reliabilrty. These results are reported .n Table 2. 

r.nmparati\/Q Example 5 

S o^o^o^iired 10, «s Wtial «lh«lve.«s. Mh«.<». duraUlily. and «e«onio ccmpon« reuab,l«y. 

These results are reported in Table 2. 

25 rompar^t'^e Example 6 

A curable epoxy resin composition was prepared as in Example 3. but in this case using the o^g^^^P^^^^^^^^ 

SciSthey are«)ated with the cured product afforded by the subject curable epoxy resin composition. 
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Table 1 







present Invention 


leium 1 
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Ex. 1 


Ex. 2 


Comp. Ex. 1 


wuinpciraii 

Comp. Ex. 2 


ve examples 
Comp. Ex. 3 


Comp. Ex. 4 




1 ©POXV rfiSin COmnnsitinn 
















1 viscosity (centipoise) 














10 


initial 
1 50°C/5 davs 


280 
290 


290 

300 


460 
1 470 


295 
420 


350 
360 


340 
345 




cured product 














IS 


durometer 
(Shore D) 


78 


79 


1 95 


77 


72 


72 




initial adhesivenesc: 














20 1 


QGS 
AS 

QFRERS 


+ 
+ 
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+ 
+ 
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+ 
+ 
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+ 
+ 
+ 


+ 
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+ 
+ 




adhesion durability 
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QGS 
AS 

GFRERS 


+ 
+ 
+ 


+ 1 

+ 

+ 


+ 
+ 


+ 
+ 
+ 


X 
X 

+ 


X 
X 

+ 


30 j 


electronic component 
reliability (number of 
defects) 














35 


after 100 cycles 
after 1,000 cycles 


0 
0 


^ 1 
0 


20 
20 


0 
3 


i 

6 


2 
6 



Abbreviations used In Table 1. 



QGS = quartz glass sheet 
AS = aluminum sheet 

GFRERS = glass fiber-reinforced epoxy resin sheet 
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Table 2 
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Ex.3 


Ex.4 


Comp. Ex. 5 


Comp. Ex. 6 


epoxy resin composition 










transmittance (%) 










initial 

50**Cy30 days 


100 
100 


100 

100 


100 


100 
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cured product 










riiiKomoior r!*^hnrp 
QUromeici ^^onuic i^y 


69 
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electronic component 
reliability {number of 
defects) 










aften 00 cycles 
after 1,000 cycles 


0 
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0 
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20 
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25 Claims 

1 . A curable epoxy resin composition, comprising: 
average unit formula: 

(R'Si03ffi)a{R^2Si02/2)b(RSSiOi/2)c(R^Oi,2)d 

wherein is an epoxy-functionai monovalent organic group, R^ is a monovalent hydrocarton group. R« is a 
hydrogen atom or an alkyi group having no more than 4 caitjon atoms. a>O.b>0.d>0. and 

The curable epoxy resin composition of claim 1 . wherein component (B) is prepared by an equilibrium polymeriza- 
tion, in the presence of an acidic or basic polymerization catalyst, of 

0) an epoxy-functional trialkoxysilane having the general formula 

RiSi{OR'*)3 

wherein Is an epoxy-functional monovalent organic group and. is an alkyl group having no more than 4 
cart)on atoms: with 

(ii) a diorganosilQxane selected from the group consisting of 
(a) cyclic diorganosiloxanes having the general formula: 
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10 



-iio 



m 



IS 



wherein is a monovalent hydrocarbon group and m is an integer having a value of at least 3- 
(b) straight-chained diorganosiloxanes having the general formula 



20 



25 



30 



R R 



7r!Zf!! T " f hydrocarbon group, each is indeperKlently selected from the group consist- 

X '^'n'^^^^^^^^^ r * ^ -onovalem'hirocarr, 

groups, ana Q IS an integer with a value of at least 1 ; and 
(c) mixtures of components (a) and (b). 

3. The curable epoxy resin composition of any of the preceding claims further comprising: 

35 £L°J n° !n° ""^^^ °* ^ Phenyl-containing organopolysiloxane that is free of epoxy-functional mono- 

Tondl^Sc'gToTr P^-/' -«kes up at least 10 mo.e%. 'of t^e Z^ll^Z 

4. The curawe epoxy resin composition according to any of the preceding claims wherein said composition is a liquid. 

" " p^rrthroS^^r^yTr^^^^^^^^^^ 

6. The product obtained from incipient materials: 



4S 



so 



ss 



(A) 100 part by weight of a curable epoxy resin; and 

ivLaiil nrform?ia'' o^flanopolyslloxane prepared by equilbrium polymerization and having an 

(R'Si0a2)a{R22SjO2/2)b{R23Si0i/2)c(R30i/2)d 

Wherein rMs an epoxy-functional monovalent organic group, is a monovalent hydrocaibon orouo r3 Is , 
hydrogen atom or an alkyi group having no more than 4 carbon atoms. a>0.t2>0.jL) a^S 

7. The product obtained from indpient materials: 

(A) 100 part by weight of a curable epoxy resin- 

£i?ai J unKl"' organopoly^-loxane prepared by equilbrium polymerizaUon and having an 
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(R'Si03fi)a(R^2Si02/2)b(R^3SiOi/2)c(R^Oi/2)d 

Wherein is an epoxy-functional monovalent organic group. R^ is a monovalent hydrocarbon group. R^ is a 
Iwdroaen atom orin JkyI group having no more than 4 carbon atoms. a>O.b>O,d>0 and c^O and 
?So ? to aoTDartrby v^lght of a phenyl-containing organopolysiloxane that is tree of epoxy-f unchonal mono- 
SLnt ?gan^^ gCn^^-^ whiS, silfcon-bonded phenyl maKes up at least 10 moie% of the total s.l,con- 
bonded organic groups. 

A coated electronic component, comprising: 

(I) an electronic component coated with a coating, wherein the coating is obtained by curing the composition 
of any of claims 1-4. 
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